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(54) COPPER ELECTROPLATING USING INSOLUBLE ANODE 



(57) The present invention provides a copper elec- 
troplating method using an insoluble anode, including: 
using an insoluble anode and a copper electroplating 
solution which contains a compound having a -X-S-Y- 
structure (where X and Y are each independently se- 
lected from the group consisting of a hydrogen atom, a 
carbon atom, a sulfur atom, a nitrogen atom, and an ox- 



ygen atom, and X and Y can be the same only where 
they are carbon atoms); and using direct current to plate 
a substrate. By this method, even a certain time period 
after the initial make-up of the electrolytic bath, stable 
deposition of the plated metal and formation of a filled 
via can be achieved, and an MVH can be filled up with 
the metai with no void left. 




BEST AVAILABLE COPY 
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Description 

Technical Field 

5 [0001] The present invention relates to a copper electroplating method in which an insoluble anode and a copper 
electroplating solution that contains a specifte compound having a sulfur atom are used, and a substrate Is plated by 
X di'Surrent. The present invention also relates to a composite material manufactured by the copper e.ectro- 
plating method. 

io Background Art 

[0002] in recentyea*. with the advent of high performance and compact electron** such as personal computer 
here has been a strong demand for printed wiring boards with higher density and reduced thickness. One of the 
meSo*ton^Uuch a requirement uses a muitilayered printed wiring board (build-up printed wiring board) which 
,5 Snu« 

100031 Generally such a build-up printed wiring board has a hole called a m.crovia hole (MVH) for electncal conneo 
ton^e^a?&Xers. andtoe MVH Is about 100 pm in diameter and about 100 urn in depth and plated wrth 



Process, however, only the inner wail surface of the MVH b piated W ? h copper, and 
20 thelner space of the MVH is filled with an insulating resin. When the resin used r , such a 

difflcul to fat up a hole that has a small diameter and is not a through hole. If the MVH space is left partially unf.1 ted 
aSIe fi! ng step with the resin, the air remaining in the MVH may be quicldy expanded by heat in soldenng the 
Sn eTw Ig boafd, leading to deformation or destruction of the printed wiring board. In the conventual proces^, 
diameter of the MVH has to be large enough to facilitate the resin filling, which causes a drawback to 

upper layer, can not be adopted, because the insulating resin is placed over the top o the MVH. This may reduce the 
area efficiency and design flexibility of the build-up printed wiring board. (See FIG. 1 .) 

^rHtnodto sole to the problem, called a Via-filiing, is provided in which the MVH is <^ ™ «f * 
30 cTdlolfom.anelectrica.connectionbetweenmeadiacent.ayersinthebu^ 

raooT] The Via-filiing helps the miniaturization and Increase of density of the prmted winng ^^£*T r . 
ncrease the effective area of the printed wiring board and give a.ufflctemel^oon^«^^a8maller. 
diameter of the MVH in contrast to the conventional process in which only the inner wall surface is plated; 
[0008] The Via-filiing processes developed and disclosed at present include: 

35 

f1 1 a method in which the MVH is filled with a conductive paste by printing; and 

(2) a Sod in which the conductor iayer onfy at the bottom surface of the MVH is activated, and copper layers 
are selectively stacked by electroless plating. 

40 100091 However/since the conductive paste, which is a mixture of copper and an organic material, has a lower 
cTductiv^n hat of copper metal, the small diameter MVH cannot provide sufficient electrica connechon and 
toereSe Se method wfth tte conductive paste can hardly be useful in miniaturizing and increasing the density In the 
printed wiring board. The via hole with a small diameter cannot be completely filled up with a viscous paste wth no 
void left by printing, because of the viscosity of the paste. mat(W iai 

45 [0010] The method using electioless copper plating is superior to the conductive paste me hod hMMri. 
charaed into the MVH is a highly conductive deposition of copper metal. However, the method suffers from a low 
c^n rate and low productivity of the P .ated coating film. When a genera, "f^^ - £^"J£ 
plating bath is used, the deposition rate of the plated coating film is about 3 pm/hr. According to th.s process, it w.H 
tS hours or more to fill up a typical MVH of 100 urn in diameter and 100 pm in depth with the piated copper, and 

educe £Sm required £ the electroless copper plating, and therefore the application o the ^tess cop^r 
S to the MVH is expected. In the copper electroplating, copper cannot be deposrted only orr h >MM surface 
of the MVH because such a place is electrically isolated. Therefore, the entire inner surface of the MVH is provided 

55 ^hcoTc^ 

on the entire inner surface of the MVH. Inside the MVH, however, the deposition rate of the conventional copper elec- 
S and therefore it has been considered impractical to fill up the MVH by ccpper e ectroplat^ g 

M12 If the copper plating is deposited on the entire inner surface of the MVH, in orderto fill the inside of the MVH 
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15 



20 



with the plated copperwith nevoid remaining.the deposition rate near the bottom surface of the MVH should be higher 
«™ tat* the opening of the MVH. If the deposition rate at the opening is higher than that near the bottom surface, 

^e void formed in the copper deposition may cause deformation or destruction of the pnnted winng board because 
2 ^substaTes captured in the void (the plating solution or hydrogen gas) may be qutekhy expanded rn soldenng on- 
board parts to the printed wiring board at high temperature. , ; . „»„m~ t,ri n hton,»r te 

[0013] in manufacturing the printed wiring board, a copper electroplating bath 

generally used, and the direct current electrolysis using a soluble anode such as a | P h0S P h °™ s ^ nte n n h 9 J°P^ 
Soaeteg^nerkl as the condition for electrolysis. In the 9*^9'^ "s^"^*^ 0 ^^^' 
e plating bath may become unstable when the electrolysis is interrupted. If the copper etectr^.at.ngso^on,te 
SXr the interruption, buiky grains can be formed in the e ,ectmpiated copper Jayer. and Nation of the filled v« 
can become unstable. There has been an urgent demand for a solution to the problems. 

W AY ™ Present invention has been made In light of the situation described above, and an objec d the pre^m 
Invention is to provide a copper electroplating method characterized by using d.rect current and an Insoluble anode 
and particularly a copper electroplating method suitable for the filled via formation. 



40 



45 



Disclosure of Invention 



(0015] The present invention is directed to a copper electroplating method characterized 

uUbto anode and a plating solution that contains a compound having a -X-S-Y- structure (where X and Y are each 

and an oxygen atom, and X and Y can be the same only where they are carbon atoms); and using d.rect current to 



plate a substrate. 
25 Brief Description of Drawings 
[0016] 

FIG; 11s a schematic view showing build-up wiring boards; ,_^„„„Hh» „cin 0 pither 

so RG.aisaschematicviewshowingviaseachofwhichisfiHedby usingan insolub le electrode and ^usmgerth er 

the bath immediately after the initial make-up or the bath three days after an intermption of the eleottolysis,. ; in 

fT^s^ 

the bath immediately after the initial make-up or the bath three days after an interruption 
as copper electroplating, and in the drawings, reference numeral 1 denotes a copper foil layer, reference numeral 2 
denotes a resin layer, and reference numeral 3 denotes a deposited copper layer. 

Best Mode for Carrying Out the Invention 
[0017] Anybathsolutionusefulforcopperelectro^ 

^ present invention, including but not limited to a copper sulfate plating solution, a copper cyanide plaung solut on 
a^racopper^ 

soluL Ihe description beiowghres typical examples using the copper sulfate plating solufion^^ 
pSing solution. The compositions, components, and the like of any other plating soluton are w « h ^ 
available to those skilled in the art in light of the following description concerning the coppersulfate plating solut.cn, 

published literatures, and the like. ■,„„:„„ „ v «s y. Rtmeture 

ra018l The copper electroplating solution of the present invention contams a compound having a -X-S-Y- structu e^ 
Pre eab*. X and Y In the structure of the compound are each independently se.ected from the group constejn g of* 
hydrogen atom, a carbon atom, a nrtrogen atom, a sulfur atom, and an oxygen atom, , and ,n 
so compound is referred to as a sulfur-containing compound for convenience. More preferably, X and I Y , are ^each mde 
Tendently selected from the group consisting of a hydmgen atom, a carbon^^^ 

further more preferably, from the group consisting of a hydrogen atom, a carbon atom, and a sulfur atom. X and Y can 
be the same only where they are carbon atoms. ^ 

[0019] In the formula: -X-S-Y-, S is bivalent, but X or Y does not need to be bivalent, and the atom X or Y can form 
55 i bond with any other atom depending on a valence thereof. For example, where X is hydrogen, the compound has a 

raSXrep^^ 

Enate group in its molecule. One or more sulfonic acid groups or alkali metal suifonate groups may be present in 
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the brightener molecule. ovQmnlpQ ftf the su ifur-containing compound include a compound having a - 

(1) M-S0 3 -(CH 2 ) a -S-{CH 2 ) b -S03-M; 
to (2)M-SO 3 -(CH 2 ) a -0-CH 2 -S<;H 2 -O-(CH2) b -SO3-M; 

(3)M-S0 3 -(CH 2 ) a -S-S-(CH 2 ) b -S0 3 -M; 
(4)M-S0 3 -(CH 2 ) a -0-CH 2 -S-S-CH 2 -0-(CH 2 ) b -S0 3 -M; 
(5)M-S0 3 -{CH 2 ) a -S<;(=S)-S-(CH 2 ) b -S0 3 -M; 
(6) M-S0 3 -(CH 2 ) a -0-CH 2 -S-C(=S)-S-CH 2 -0-(CH 2 ) b -S0 3 -M; 
- .nthefom^to^a^^ 

(7) X-S-(CH 2 ) a -S0 3 -M; and 
30, (8) X-S^H 2 -0-(CH 2 ) a -S0 3 -M;; 

..- . ...... 

mixture of two or more compounds. u ri „ hteiw it mav be used at a concentration ranging from 0.1 to 

[0023, ^thesu'^ m Vor.ess,the 

e^S^ 

readily available to those skilled in the art. „ loMmnlatinn ,-mtion mav have a basic composition including 
invention can be ato.ned, .n the bas« co^ 

may be added as des.red. For example^ •JJJJJWJ^ J composition for any known 

composftion of sulfuric acid of L plating so.ution without limit. 

of the copper suKate may be prevented, 

[0026] The concentration of the copper '^^^^^S^ copper ions can be insufficient* 
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is difficult to dissolve at a concentration more than 250 g/L . suHate may be use d as the 

[0027] Any water-soluble chlorine ^"^^^ 

water-solublechlorinecompoundcont^^^ m chlorlde and ammonium 

rine compound includes but is not limited to J^^JJ JSHoluble ^Le compounds may be used. 
5 chloride. A single type or a m.xture of two or "^^^^^ chlortne compound in the copper sulfate 
[0028] The concentration of thechlonde .onsdenvedf ° m J e *J er S °J^ t Z% Ka *t 30 to 8 0 mg/L. When achloride 
Plating solution used in the P^l* and *° * ^ d ^ 

10 erated from the anode is increased. .^^^ 1lllt ^ MO 0^aa^*mM*^W1^ 
[0029] Thecc^e,^ Preferab.y, examples of 

ts (9) HO-(CH 2 -CH 2 -0) a -H (where a is an integer of 5 to 500); 

(10) HO-(CH 2 -CH(CH 3 )-0) a -H (where a is an integer of 5 to 200); 

20 

(1 1) HO-(CH 2 -CH 2 -0) a -(CH 2 -CH(CH 3 )-0) b -(CH 2 -CH 2 -0) e -H 
(whereaandcareeachaninteger,^^ 

25 

(12) -(NH 2 CH 2 CH 2 ) n - (where n is 5 to 500); and 



30 



(13) 

CH 2 -IO-GH2-CH(GH3)]aNH2 
GH3-CH a -GCH2{OCH2-CH(CH 3 )l b -NH2 
35 CH 2 {0-CH 2 -CH(CH 3 )VNH2 
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(where a, b, and c are each an integer of 5 to 200). cnrfactants mav be used. The surfactant 

0030] in the present invention, a single type or <™ or ™^ preferably from 0.1 

the effect proportionate to the concentration is ^provided. fe fomed Q{ 

[0031] Asthesubstratepro^^^ 

any material In any shape can be used, as far as ft car ' ^Sto inC |ude but am not limited to resins, 

metal layer can be formed thereon by ^^"^^^^^gboa^.^Btm^^ 
ceramics, and metals. For example, the substrate made o ™ T he m etal includes but is not limited 

^bo^ and wafers ^»9atH^ 
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yvinyl chloride resins, polyvinylidene chloride resins, polyvinylidene chloride-v.nyl chlonde C0 P 0 ^ e ^f'" S D ^. n " 
ated I polyethylene chlorinated po^propylene, and tetrafluoroethylene; AS resins; ABS res.ns; MBS resins polyvinyl 
2SJ Jo^late resL such as polyrnethylacrylate; po*methacrylate resins such as polym etinylmeth* r- 

^tt^ns such as cellulose propionate resins and cellulose acetate resins; epoxy res.ns; polyimide res.ns, 
S^ide rXs such as nylon; polyamide-imide resins; polyaryrate resins; poiyetherimide resins; P<4^tart» 
Z^L;poly(ethyleneoUresins;variouspolyesterresinssuchasPETresin^ 

msins- oolwinytether resins; poty(vinyl butyral) resins; polyphenylene ether resms such as polyphenylene owde 
SvphenXeSde esins poly(butylene telephtha.ate) resins; po W methy. pentene) resins; polyaceta. r^n^vmyl 
chSdevI^ 

SSeof mSZ -SSL*, and thermosetting resins such as epoxy resins; xylene resins; guanam ne res ns; 
SA£SS« vinyl ester resins; phenolic resins; unsaturated polyester resins; furan resms; 
SSSm resins- maleic resins; melamine resins; urea resins; and any mixture thereof. Preferred res.ns .nclude- 
epoTSs ZmT»*7^ resins, phenolic resins, nyion resins, pofyphenylene ether resins pohypropytene 
restas fluorore^ns and ABS resins. More preferred resins include epoxy resins, polyimide resins, po y P^ eny '® ® ^ 
and ABS resins. Furthermore preferred resins include epoxy res ns and P*"* mm -The 
rain iZw be made of a single resin or different resins. The substrate may also be a composrte.comprislng 
™mS 

fnvention is not limned to molded-resin members and may include a composite compr.s.ng a resin and a re^ng 
Sal such as a glass-fiber reinforcement arranged into the resin, and a compoJJ , compnsing a base member of 
a base material such as ceramic, glass, and silicon, and a resin coating fi ^ f °^ *^ 0 "- such ' 

rnoaai Examples of ceramics usable as the substrate material includes but not limited to oxide ceramics sucn as 
EL steaSeTM?0 Si0 2 ), forsterite (2MgO.Si0 2 ), mullite (3AI 2 0 3 -2SI0 2 ), magnesia (MgO). spinel 

SSTSS ^electropiating. the substrate provided in the copper electing method is .ub^edto; 

SSmenUn whteh a part of the substrate to be plated is made electrically conductive. For example, an inner surf ace 
of tSS to mai eSJrtaJy conductive before the MVH is filled with copper metal by the copper electmplating. 

This treatment for providing the MVH with electrical conductivity can £ earned out 

byTny^ 

to electroless cooper plating, direct plating, conductive fine particle adsorption, and vapor plating. 

anode as an anode. If a soluble anode such as a phosphoms^ntaining copper anode B used .n the copper^el^ro 

pSlng^th the plating solution containing the sulfur«ontaining compound as described above, a taction can occur 

Srinterruption of the electrolysis between the soluble anode and the sulfur^ontaining compound to form de- 

composiorprSs through the cleavage of an S-X or S-Y single bond of the sulfur-contain.ng compound, wh«h 

£X a^rae^ me copper electroplating, although the Invention should not be bound by the theory. For example. 

SaLe7e^ 

ucts having the structure: M-SC^CH^S- or -S-(CH 2 VS0 3 -M. Although the mvenhon should not be bound by Ihemy. 
as he raason of adveraefy affecVng the'eopper electroplating by the decomposition product, a^eterat^, d ^eiat 
otposWoTin the copper electroplating by the decomposition product is ^iderad. For example, in tte ^ 
SE when the via to filled by abnormal acceleration of the electroplated copper deposition which 
the SZition products, the copper deposition rate at the opening of the via Is made greater than that : near he 
^S^SX^SSm Is a problem Lithe via is filled with void left. In addition, it may be cons.dered that the 
S«?liy g'rafns. resulting in an electroplated copper layer that is poor in adhesion and heat 

^T^'S^SA method of the present invention employs an insoluble anode « ,« an^and 
SSrelhe decomposition reaction on the sulfur<ontaining compound de^^ 

so that the copper etectroplating bath is substantially free of the decomposition products. Accordmgly * e C0 PP e 
expiating method of the present invention, no void is left in the via fill^ 

deSon soThat it is possible to avoid the disadvantages in usage of the sulfur-containing compound a brightener 
Shh^ 

rsebeformedthroughthecleavageofanS-XorS-Ybondofthesulfur-conrain.ngcompound.andthebathsolut.on 

can be controlled to be in conditions suitable for desired copper electroplating. .„.„,„,„.„. 
ra0371 As The insoluble anode used in the present invention, there can be used an anode made of any matenal as 
SLitdorno^eoTrele 

but are noHimited to iridium oxide, platinum-clad titanium, platinum, graphite, ferrite, lead d.oxide, and trtan.um or 



6 



EP 1 325 972 A1 



stainless steel coated with oxide of a platinum group element. 

Sb? In the ooooer electroplating method of the present invention, the plating temperature (solution temperature) 

apTaSSeratTbSS 10-C, ^productivity can bedecreased,becausetheconductMtyofthep te tngsolut,on 
te dSS soTtfthe current density cannot be increased during the electrolysis and the growth rate of the plated 
^^ZLToZ A plating tempeie above 40'C is not preferred, because the brightener can be decomposed 

W Cwe^unoe used in the copper e.ectrop.ating method of the present invention * a , dire. tourrent (DC) 
powe source. The anodic current-density to be applied is appropriately set depending on the ^f^f^ 
^tafl o 1 to 10 A/dm* preferably 1 to 3 A/dm 2 . In case of a current density lowerthan 0.1 A/dnf. the anode 
cl uneTnomtea L Icunrt density higher than 10 A/dm* b not preferable because the 

Sida^ thebrightener component is increased by oxygen generated from the anode dunng eiec- 

2wi S ' in the plating method of the present invention, stirring may safely be carried out. Preferably stirring is carried 

be se for me J&. Addifonaily, batch filtration or delating fiitration may be earned out The p£ing solujo « 
preferably circulated and filtrated with afilter, so that the temperature of the plating solution can be uniform, and dusts, 
precipitates, and the like can be removed from the plating solution. _ . nrnrtll „ rt 

S)041] According to the copper electroplating method of the present invention a composite "^top lodged 
whteh comprises a substrate and a copper layer formed on the substrate. According »*»^« 
Lention even if the copper electroplating process following the initial make-up of the electrolytic bath ^Inte-rupted 
2 TZ bath fe allowed* stand for a certain time period and then used again, the copperlayer of the produced 
composite material can be free of bulky grains, and the via can be filled with no remaining void. 

Examples 

Preparation of Test Parts 

[0042] Test parts subjected to the copper electroplating were prepared by the following process in 
0043 Onto a printed wiring board having a copper foil on a surface thereof, an epoxy ream or bmld-up process 
Mateishita ElecWc Works Ltd.) was applied to have a thickness of 80 urn and cured. Acopperfoil 10pm in thickness 

was bondS tolS suTaS and carbon o!oxide gas laser was used to bore a hole in the copper foil and the epoxy resin 

rarersotSat^ 

carried To* thereon to term a copper coating film 0.2 to 0.3 pmm thickness for produdng a test part.The electre less 

copper plXwasca^ 

Sed^ 

water Thereafter an activation process with acid was carried out at room temperature for one minute, and then he 

out at 25»C for five minutes. The board was washed with water and then treated in an accelerator at 25 C for fwe 
minutes After water washing, electroless plating was carried out at 25°C for 20 minutes. 
■ SS5T' The tZ pa ^obtained was subjected to the copper electroplating under the conditions or the copper elec- 
ting im fshom in each of Examples 1 to 4 and Comparative Examples 1 to 4 described below. Thereafter, the 
test part was cut and polished to observe the cross section of the MVH. 

Example 1 

Copper Electroplating with Insoluble Anode 
Conditions for Copper Electroplating 



[0045] 



Plating Solution: 


Sulfuric Acid 


180 g/L 


Copper Sulfate 


150 g/L 


Chloride Ion 


60 mg/L 
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(continued) 



to 



15 



20 





Plating Solution: 




Surfactant 


0.35 g/L 


5 


Brightener 


5mg/L 



Surfactant: HO-(CH 2 -CH 2 -0) a -(CH 2 -CH(CH 3 )-0) b -(CH 2 -CH 2 -0) c -H (where a + c = 25, b = 30) 

Brightener: Na-S03-(CH 2 )3-S-S-(CH 2 )3-S0 3 -Na 

Current Density: 2 A/dm 2 

Plating Time: 60 minutes 

Cathode: Build-Up Board 

Cathode Area: 1 dm 2 

Anode: Iridium Oxide 

Anode Area: 1 dm 2 

Comparative Example 1 ' 

Copper Electroplating with Soluble Anode 

Conditions for Copper Electroplating 



[0046] 



25 



30 



40 



45 



Plating Solution: 


Sulfuric Acid 


180 g/L 


Copper Sulfate 


150 g/L 


Chloride Ion 


60 mg/L 


Surfactant 


0.35 g/L 


Brightener 


5mg/L 



Surfactant: HO-(CH 2 -CH 2 <>)^^ (where a + c = 25, b = 30) 

Brightener: Na-S0 3 -(CH 2 )3-S-S-(CH 2 ) 3 -S0 3 -Na 

Current Density: 2 A/dm 2 

Plating Time: 60 minutes 

Cathode: Build-Up Board 

Cathode Area: 1 dm 2 

Anode: Phosphorus-Containing Copper Anode 
Anode Area: 1 dm 2 

Example 2 

Copper Electroplating with Insoluble Anode 
Conditions for Copper Electroplating 



[0047] 



50 



55 



Plating Solution: 


Sulfuric Acid 


200 gA 


Copper Sulfate 


100 g/L 


Chloride Ion 


60 mg/L 


Surfactant 


0.35 g/L 


Brightener 


5 mg/L 
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Surfactant: 
[0048] 

CH2iO-CH 2 CH(OH 3 )] a *NH2 
CH 3 -CH2-C-CH2iO-CH 2 -CHtoH 3 )]b-NH 2 
CHaiO-CH2-CH(CH 3 )^NH3 

(where a, b, and care 20.) 

Brightener: Na-S0 3 -(CH2)3-S-S-{CH 2 )3-S03-Na 

Current Density: 2 A/dm 2 

Plating Time: 60 minutes 

Cathode: Buiid-Up Board 

Cathode Area: 1 dm 2 

Anode: Titanium-Clad Platinum 

Anode Area: 1 dm 2 

Comparative Example 2 

Copper Electroplating with Soluble Anode 

Conditions for Copper Electroplating 

[0049] 



Plating Solution: 


Sulfuric Acid 


200 g/L 


Copper Sulfate 


100 g/L 


Chloride Ion 


60 mg/L 


Surfactant 


0.35 g/L 


Brightener 


5 mg/L 



Surfactant: 
[0050] 

CH2{0-CH 2 CHfcH 3 )]aNH2 
CH3-CH2'C-CH2<0-CH2-CH(CH 3 )]vNH2 
CH 2 iO-CH 2 CH(CH 3 )3 c -NH2 

(where a, b, and c are 20.) 

Brightener: Na-S0 3 -(CH 2 )3-S-S-(CH2)3-S0 3 -Na 
Current Density: 2 A/dm 2 
Plating Time: 60 minutes 
Cathode: Build-Up Board 
Cathode Area: 1 dm 2 

Anode: Phosphorus-Containing Copper Anode 
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Anode Area: 1 dm 2 
Example 3 

5 Copper Electroplating with Insoluble Anode 
Conditions for Copper Electroplating 
[0051] 



Plating Solution: 


Sulfuric Acid 


200 g/L 


Copper Sulfate 


100 g/L 


Chloride Ion 


60 mg/L 


Surfactant 


0.50 g/L 


Brightener 


5 mg/L 



Surfactant: HO-(CH 2 -CH 2 -O) 120 -H 
*> Brightener: Na-S0 3 -(CH 2 )3-0-CH 2 -S-CH 2 -0-(CH 2 )3-S0 3 -Na 

Current Density: 2 A/dm 2 

Plating Time: 60 minutes 

Cathode: Build-Up Board 

Cathode Area: 1 dm 2 
25 Anode: Iridium Oxide 

Anode Area: 1 dm 2 

Comparative Example 3 
30 Copper Electroplating with Soluble Anode 
Conditions for Copper Electroplating 
[0052] 



Plating Solution: 


Sulfuric Acid 


200 g/L 


Copper Sulfate 


100 g/L 


Chloride Ion 


60 mg/L 


Surfactant 


0.30 g/L 


Brightener 


5 mg/L 



Surfactant: HO-(CH 2 -CH 2 -O) 120 -H 

Brightener: Na-S0 3 -(CH 2 )3-0-CH 2 -S-CH 2 -0-(CH 2 )3-S03-Na 
Current Density: 2 A/dm 2 
Plating Time: 60 minutes 
Cathode: Build-Up Board 
Cathode Area: 1 dm 2 

Anode: Phosphorus-Containing Copper Anode 
Anode Area: 1 dm 2 



55 
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Example 4 

Copper Electroplating with Insoluble Anode 
5 Conditions for Copper Electroplating 
[0053] 
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Plating Solution: i 


Sulfuric Acid 


200 g/L 


Copper Sulfate 


100 g/L 


Chloride Ion 


60 mg/L 


Surfactant 1 


2g/L 


Surfactant 2 


0.1 g/L 


Brightener 


5 mg/L 



Surfactant 1: -(NH 2 CH 2 CH 2 ) 100 - 

Surfactant 2: HOHCH 2 -CH 2 -O) 120 -H 

Brightener: Na-S0 3 -(CH 2 )3-S-C(=S)-S-(CH 2 )3-S0 3 -Na 

Current Density: 2 A/dm 2 

Plating Time: 60 minutes 

Cathode: Build-Up Board 

Cathode Area: 1 dm 2 

Anode: Iridium Oxide 

Anode Area: 1 dm 2 



Comparative Example 4 
30 Copper Electroplating with Soluble Anode 
Conditions for Copper Electroplating 



[0054] 



Plating Solution: 


Sulfuric Acid 


200 g/L 


Copper Sulfate 


100 g/L 


Chloride Ion 


60 mg/L 


Surfactant 1 


2 g/L 


Surfactant 2 


0.1 g/L 


Brightener 


5 mg/L 



Surfactant 1: -(NH 2 CH 2 CH 2 ) 100 - 

Surfactant 2: HO-(CH 2 -CH 2 -O) 120 -H 

Brightener: Na-S0 3 -(CH 2 )3-S-C(=S)-S-(CH 2 )3-S0 3 -Na 

Current Density: 2 A/dm 2 

Plating Time: 60 minutes 

Cathode: Build-Up Board 

Cathode Area: 1 dm 2 

Anode: Phosphorus-Containing Copper Anode, 
Anode Area: 1 dm 2 

[0055] It was confirmed, from Examples 1 and 2 each using an insoluble anode, that the MVH 80 um in diameter 
and 80 um in depth was completely filled with the plated copper deposit with no void left as shown in FIG. 2, when the 
copper electroplating solution was used immediately after the initial make-up. Further, as shown in FIG. 2, good filling 
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was observed even in the plating bath which was allowed to stand for three days after the stop of the electrolysis 
Although not shown in the drawings, in Examples 3 and 4, good filling was also observed, both when the copper 
electroplating bath was used immediately after the initial make-up and when the bath was used again after the three- 
day standing from the interruption of the electrolysis. 

s [0056] In Comparative Examples 1 and 2 each using a phosphorus-containing copper anode as the soluble anode 
good filling was obtained when the copper electroplating solution was used immediately after the initial make-up, but 
good filling was not attained when the plating bath was used again after the three-day standing from the interruption 
of the elecfrolysis, as shown in a schematic view of FIG. 3. Similarly, although not shown in the drawings, in Comparative 
Examples 3 and 4, good filling was observed when the copper electroplating solution was used immediately after the 

io initial make-up, but good filling was not attained when the plating bath was used again after the three-day standing 
from the interruption of the electrolysis. 

Industrial Applicability 

is r00571 As described above, in the copper electroplating method of the present invention using a copper electroplating 
Uluttoncontalnlngaepeciflcbrightener, an insoluble anode is used, so ^^^^^T^^^ 
the sulfur-containing compound can be prevented from generating decomposition products which adversely affect the 
c^oer electroplating Therefore, even after a lapse of a certain time period from the initial make-up of the electronic 
bath the metal can stably be deposited, the filled via can be formed, and the MVH can be filled with the metal with no 

20 void left. In addition, the time period for filling the MVH with a good conductor of metal with no void left can be shorter 
than that for other processes than the copper electroplating. 1 



25 



Claims 

1. A copper electroplating method, comprising: 

using an insoluble anode and a copper electroplating solution containing a compound having a -X-S-Y- stnic- 
ture (where X and Y are each independently selected from the group consisting of a hydrogen atom, a carbon 
so atom, a sulfur atom, a nitrogen atom, and an oxygen atom, and X and Y can be the same only where they are 

carbon atoms); and 

using direct cunent to plate a substrate. 

2. A copper electroplating method, comprising: 

using an insoluble anode and a copper electroplating solution containing a compound having a -X-S-Y- struc- 
ture (where X and Y are each independently selected from the group consisting of a hydrogen atom, a carbon 
atom, a sulfur atom, and a nitrogen atom, and X and Y can be the same only where they are carbon atoms); and 
using direct current to plate a substrate. 

3 The copper electroplating method according to Claim 2, wherein the compound having a -X-S-Y- structure (where 
X and Y are each independently selected from the group consisting of a hydrogen atom, a carbon atom, a sulfur 
atom, and a nitrogen atom, and X and Y can be the same only where they are carbon atoms), is selected from the 
group consisting of: 
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(1) M-S0 3 -(CH 2 ) a -S-(CH 2 ) b -S0 3 -M; 
(2) M-S0 3 -(CH 2 ) a -0-CH 2 -S-CH 2 -O-(CH 2 ) b -SO 3 -M; 
(3)M-S0 3 -(CH 2 ) a -S-S-(CH 2 ) b -S0 3 -M; 
55 (4) M-S0 3 -(CH 2 ) a -0-CH 2 -S-S-CH 2 -0-(CH 2 ) b -S0 3 -M; 
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(5) M-S0 3 -(CH 2 ) a -S-C(=S)-S-(CH 2 ) b -S0 3 -M; 
(6)M-S0 3 -(CH 2 ) a -0-CH 2 -S-C{=S)-S-CH 2 -0-(CH 2 ) b -S0 3 -M; 
in the formulas (1 ) to (6), a and b being each an integer of 3 to 8, M being a hydrogen atom or an alkali metal atom, 

(7)X-S-(CH 2 ) a -S0 3 -M;and 

10 

(8) X-S-CH 2 -O(CH 2 ) a -S0 3 -M, 

15 : in the formulas (7) and (8), a being an integer of 3 to 8, M being a hydrogen atom or an alkali metal atom, and X 
x being any one of a hydrogen atom; an alkyl group with 1 to 1 0 carbon atoms; an aryl group; a chain or cyclic amine 
compound comprising 1 to 6 nitrogen atoms, 1 to 20 carbon atoms, and a plurality of hydrogen atoms; and a 
-. heterocyclic compound comprising 1 to 2 sulfur atoms, 1 to 6 nitrogen atoms, 1 to 20 carbon atoms, and a plurality 
of hydrogen atoms. 

20 

4. The copper electroplating method according to any one of Claims 1 to 3, wherein the compound having the -X-S-Y- 
structure is a brightener. 

5. The copper electroplating method according to any one of Claims 1 to 4, wherein the compound having the -X-S-Y- 
25 structure is present at a concentration of 0.1 to 1 00 mg/L in the copper electroplating solution. 

6. The copper electroplating method according to any one of Claims 1 to 5, wherein the copper electroplating solution 
, further contains a surfactant. 

30 7. The copper electroplating method according to any one of Claims 1 to 6, wherein the insoluble anode is selected 
from the group consisting of iridium oxide, platinum-clad titanium, lead dioxide coated titanium, lead alloys, ferrite, 
and stainless steels. 



8. The copper electroplating method according to any one of Claims 1 to 7, wherein the substrate is a printed wiring 
35 board or a wafer. 

9. The copper electroplating method according to any one of Claims 1 to 8, wherein the substrate has a through hole 
or a via hole. 

40 10. A composite material obtained by the method according to any one of Claims 1 to 9. 

45 



50 
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Fig.1 Cross section of build-up printed wiring board 
for comparison of MVH formations 

^Conductor.. 

Convent i ona I process V i a-f i 1 1 i ng process 
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